Introduction
In this paper we uncover a curious anomaly in the German mutual fund industry. The vast majority of German equity mutual funds are domiciled either in Germany or in neighboring Luxembourg. 1 The two types of funds seem to have radically different investment styles as evidenced by the histograms of CAPM betas in Figures 1 and 2. (We describe the data and our computations leading to these figures in Section 2.2.) The Luxembourg-based funds (and one fund based in Great Britain) have a spread of CAPM betas, with a peak near one. The results are dramatically different for mutual funds domiciled in Germany, whose CAPM betas cluster around 0.5.
The result for German mutual funds domiciled in Luxembourg is unsurprising, simply because while some funds may provide diversification opportunities, it is difficult for most mutual funds to avoid holding a portfolio that approximates the entire market portfolio.
The low market correlation of the German mutual funds domiciled in Germany is another matter. Taken at face value, this observation suggests that German mutual fund managers -but only those actually managing funds domiciled in Germany -have discovered a way to invest in the German stock market and the German stock market alone, to provide considerable diversification against broad market swings. What could explain such a dramatic difference? Regulatory differences? Some sort of systematic difference in cash policies?
Differences in loading on a missing risk factor?
We provide circumstantial evidence that the explanation lies elsewhere, in a little-known aspect of the German mutual fund industry. Conversations with employees in the mutual fund industry have suggested to us that it is the custom in Germany to compute mutual fund NAVs in the middle of the day, rather than after market close as, for example, in the United States. When running the CAPM regression using daily returns, this custom leads to the returns on the fund from the middle of the day yesterday to the middle of the day today being compared to the returns of the market from the close of yesterday to the close of today. Since the correlation between market returns in the afternoon with returns in the morning is low, this time shift mechanically pushes the estimates of beta downward.
It is surprisingly difficult to determine the NAV computation time for a mutual fund.
Fund prospectuses may report a deadline for when orders must be placed to be processed that day, but they do not report the time at which the NAV is computed, even though that determines the share price at which the investor is transacting. We contacted several mutual 1 A mutual fund is domiciled in a country, if the fund's management company is registered as a legal entity in that country. Such a registration implies that the management company must manage the fund in compliance with the regulatory requirements in that country. These regulatory requirements vary across countries and thus may serve as an incentive or disincentive for a company to register in a particular country. funds to elicit information on NAV computation times but were always only told order acceptance deadlines. Instead, we employ an indirect approach. Mutual funds generally provide a benchmark to use for comparison purposes. If a fund holds some fraction of the assets in the benchmark, then the fund's returns should match the return on the benchmark most closely at the time of NAV computation. We test this hypothesis using a sample of equity funds that use one of three indices in the DAX index family 2 as a benchmark.
We separate these funds into two groups, those registered in Germany and those registered outside Germany, notably Luxembourg and Great Britain. For all but one of the funds registered in Germany, the effect of early NAV computation time is readily apparent, that is, their returns are significantly more closely correlated with intraday benchmark returns than with end-of-day benchmark returns. On the contrary, the returns for most of the funds registered outside Germany are most closely correlated with benchmark returns calculated at closing time. (Curiously, several Luxembourg-based funds are most correlated with returns computed using the previous day. The simplest explanation is an off-by-one error in NAV dates in the database.)
We conduct our analysis using three different statistical approaches. First, we perform a multiple regression of each fund's returns against its benchmark returns at the previousday close, at 1pm on the day of close, and at close and choose the beta coefficient with the largest t statistic as an indicator of the closing time. We then refine this intuitive yet ad-hoc procedure and turn to a more formal inference. For each fund, we regress its returns against its benchmark return at ten different times in the day. We then use maximum likelihood estimation and the likelihood ratio test to determine the most likely NAV closing time.
Finally, as a robustness check we repeat this analysis using a Bayesian approach. The
Bayesian estimates of the best fit closing time are identical to the maximum likelihood results for all funds in the sample.
Clearly, the results lead to the question why so many funds use intraday NAV reporting times. To answer this question, we briefly describe the regulatory environment both in the United States and in Germany. Neither the U.S. Investment Company Act of 1940 nor the German investment law provide mutual funds with specific rules for the timing of NAV computation times. But, while it has been a longstanding custom for mutual funds in the United States to compute their NAV as of 4pm, when the New York Stock Exchange closes (Zitzewitz, 2006) , many funds registered in Germany appear to take advantage of this lack of a regulatory constraint. In fact, it appears as if the early editorial deadlines of leading news outlets leads mutual funds domiciled in Germany to report intraday NAVs.
In the last part of the paper, we show that the reporting discrepancy is highly relevant for funds' performance measurement. We demonstrate that incorrectly using the benchmark closing returns leads to grossly misleading estimates for the funds' betas in the CAPM regression. In fact, we show that once we correct for the NAV reporting time, the aforementioned differences in the betas across the samples, see Figures 1 and 2 , disappear.
In addition, we examine how the Dimson correction (Dimson, 1979) can be employed to estimate the alphas and betas relying solely on end-of-day benchmark data. Finally, we extend the work on mutual fund timing ability by Busse (1999) and Bollen and Busse (2001) to German mutual funds. We show that any conclusions on mutual funds' timing abilities strongly depend on using the correct NAV reporting time.
The remainder of this paper is organized as follows. Section 2 describes our data set, reports CAPM betas computed at close, and presents initial NAV timing results.
In Section 3 we identify each mutual fund's closing time by both maximum likelihood and Bayesian estimation. Section 4 takes a look at the regulatory environment for NAV reporting times. Section 5 compares the coefficient estimates between the CAPM regression at the best-fit time and at the closing time. In Section 6, we show that using the regressions at close instead of the regressions at the best-fit time usually leads to drastically different conclusions on the timing ability of a mutual fund manager. Section 7 concludes.
Data and Initial Results
In this section, we describe the data set and document the difference in CAPM betas computed at close between domiciles. We also provide initial evidence for the disparity in reporting times.
Data
We used Morningstar (www.morningstar.de) to search for open-end mutual funds investing in German stocks, and compiled an initial list of 102 entries. We then obtained NAVs and dividend data for each fund from Datastream which we used to compute a return series for each fund. We dropped five funds for having less than six months of data. All remaining funds have at least six months of data, many of them for more than ten years.
Morningstar includes separate listings for each share class in a fund, so we used fund prospectuses to remove duplicates. (The correlation for returns between two share classes of the same fund generally exceeded 99%.) This left us with a sample of 69 funds. For all our tests of a mutual fund reported in this paper, we compare the fund to its selfreported benchmark. We restrict to funds that choose either DAX, HDAX, or CDAX as 5 their benchmarks, which gives us a sample of 48 funds. Table 1 shows the number of   funds by benchmark and country of domicile. Tables 14 and 15 in Appendix B provide the Table 13 in Appendix B provides a brief description of these indices. The risk-free rate is derived from 1-month euro-dollar forwards using covered interest parity. The forward data is from Bloomberg. We performed all computations for the analysis in this paper in the software environment R.
CAPM Betas Computed At Close
In this paper we report results both from regressions based on market models using returns as well as standard CAPM regressions using excess returns. We denote returns by R t , the risk-free rate by R f t , and excess returns by R e t = R t − R f t . The following table presents statistics for the coefficients of the CAPM regressions,
with excess fund and market returns, R e F,t and R e M,t , respectively, computed at close. For each fund, we use the fund's benchmark as the market. (The results are similar for regressions against the DAX excess returns instead of the benchmark excess returns.) Table 2 presents a summary of the results which are depicted graphically in Figures 1 and 2 in 6 the introduction. We observe a clear split between German-domiciled and non-German- If the mutual funds do report at midday, we show that the beta estimates will be biased for purely mechanical reasons. Imagine a fund that perfectly replicates the stock market, and therefore under the CAPM has a beta of exactly 1. Now imagine that the fund calculates its daily NAVs using the previous close or at 1pm. What does this do to the CAPM results? We can replicate these two imaginary scenarios by using lagged excess returns of the market benchmark itself as a kind of fund. For this purpose, we regress the benchmark excess returns at the previous day's close, R e M,t−1 , against the benchmark's excess returns at close, R e M,t , so
Similarly, we regress the excess returns computed at 1pm, R e M (1pm),t , against the returns at close, Table 3 shows the results from these CAPM regressions.
3 As we may expect, the coefficient estimates for beta are small for the regression of the previous day's close against the close.
The beta estimates for the 1pm returns against close are less than 0.8 for all three indices.
So, there is an apparent mechanical effect when we regress a benchmark's 1pm excess returns against its excess returns at close. We observe that the estimated coefficients are quite similar to the betas for the German-domiciled funds. This may suggest that the pattern of CAPM betas for mutual funds domiciled in Germany is due to early reporting. The effect of regressing each benchmark against a lagged benchmark.
(Numbers in parentheses are t ratios.) Prev = previous close.
Clearly, so far the evidence for this early reporting time hypothesis is highly circumstantial at best. We now provide more substantial evidence for this hypothesis.
NAV Reporting Times: Initial Results
To obtain information about the funds' NAV computation times, we tried checking fund prospectuses, but we were unable to find explicit statements about when NAVs are computed. We then contacted several funds directly, but received no information on NAV computation times. Funds only reported the daily order deadline to us. Similarly, some fund prospectuses (e.g., those of DWS Investments or Allianz Global Investors) explicitly mention an order acceptance deadline in the middle of the day but even these do not mention specific NAV computation times. Since the actual time of NAV computation does typically not appear to be publicly available, we employ an indirect approach to detect funds' NAV computation times. Assuming a fund invests a good fraction of its assets in stocks from its benchmark index, the fund's returns should be (more or less) closely correlated to the return on the benchmark. Moreover, this correlation should be most pronounced at the daily NAV computation time. Put differently, if a fund in fact computes its NAV in the middle of the day then the fund's returns should match the returns on the benchmark in the middle of the day better than returns computed at the end of the day. To examine this conjecture, we turn to statistical inference to assemble evidence of intraday NAV reporting times. One simple check is to regress each fund's returns on the return series of its benchmark at a few different times. For this purpose we compute the returns of a fund's benchmark at two different points in time: at 1pm and at closing time. (Returns are always computed relative to the same time on the previous day. For example, the 1pm return today would be the return between 1pm yesterday and 1pm today.) We then regress a fund's returns, R F,t , against three different market benchmark returns, namely the lagged (previous-day) returns, R M,t−1 , the (lagged day-of) 1pm returns, R M (1pm),t , and the returns at closing time,
, that is, we estimate the coefficients in the model
For a fund reporting at close, the opening and midday returns should not provide much additional information about the fund's returns, so we would expect the coefficient estimate for β 3 to be highly significant while the coefficient estimates for β 1 and β 2 should be less significant or even insignificant. On the contrary, if the coefficient estimate for β 2 is highly significant but the estimates for β 1 and β 3 are not, then such a result provides evidence that the fund reports early. Note that this first test is deliberately crude and will in all likelihood understate the true extent of intraday NAV calculations. The returns of a fund reporting at 10:00am will likely correlate more closely with the lagged returns from the previous close (the Xetra trading at the Frankfurt stock exchange begins at 9:00am) than with the 1pm returns; similarly, returns of a fund computing the NAV at 4pm will likely correlate most closely with the closing time returns (the Xetra trading at the Frankfurt stock exchange stops at 5:30pm).
In a sample of many funds, one would expect some of the coefficients to be significant solely because of estimation errors, so we apply the Bonferroni correction (see, for example, Rice, 2007) to the p-value for each coefficient. The Bonferroni correction is a conservative adjustment that, if anything, will understate the number of nonzero coefficients. Table 4 reports the results of the Bonferroni test.
Over 70% of the funds have significant midday coefficients (at the α = 0.1% level), which is more than the number that have significant coefficients for the close. There is also a clear split between funds domiciled in Germany versus elsewhere, with over 96% (27 out of 28 funds) having significant midday coefficients, while only 28.6% (8 out of 28) have significant end-of-day coefficients. For funds domiciled outside of Germany, this pattern is reversed, with only 35% (7 out of 20) with midday significance versus 65% (13 out of 20)
at closing.
The disparity is even more dramatic if we consider which benchmark returns have the Number of significant coefficients after Bonferroni correction. Prev = previous day closing time, Close = today's closing time. DE = Germany, LU = Luxembourg, GB = Great Britain. Number of funds whose largest t statistic occurs at specified time. prev = previous day closing time, close = today's closing time. DE = Germany, LU = Luxembourg, GB = Great Britain.
biggest t statistic, see Table 5 . For funds headquartered in Germany, almost all of them have the largest t statistic on the midday returns of their benchmark. For funds outside of Germany, the majority has the largest t statistic at the end of day.
Since the funds involved all trade in the same market, and all use benchmarks from the DAX index family, it's hard to imagine a passive stock market effect that would show up so strongly in the German-domiciled funds, but not in the funds domiciled abroad.
This suggests that funds located in Germany do indeed usually compute their NAVs in the middle of the day, while those elsewhere wait until the end of the day. Using the largest t statistic is an intuitive yet ad-hoc procedure to derive this conclusion, so now we turn to more formal inference.
Best Fit Identification of Closing Times
We continue to choose as our measure of fit how well a market model
explains fund returns. As before R F,t denotes daily fund returns. Now R M (h),t denotes a daily market benchmark return computed at time h (on day t). For R M (h),t , we consider daily returns computed on the hour, every hour, using intraday data, that is, at 10am, 11am, . . ., 5pm. In addition, we consider benchmark returns at the previous day's closing time (which we report as market opening returns at 9am in the figures below) and at the day-of closing time 5:30pm. So, in total, we consider benchmark returns at ten different times in a day. For each fund, we use the returns on its stated benchmark, either the DAX or HDAX or CDAX index.
We use two different statistical methods to determine which hour gives the best fit.
For the first method, we pick the best fit by using maximum likelihood. In our particular application, this approach is equivalent to picking the hour that gives the highest R 2 . The maximum likelihood method has the advantage that we can use the likelihood ratio test to determine statistically if one fit is significantly better than another. As a robustness check, we repeat the analysis using a Bayesian method. We assume as a prior that every hour is equally likely, and use the data to compute a posterior distribution over the possible choices. The mean of this posterior gives us an estimate of the best fit, while the standard deviation gives us an estimate of the precision of the fit.
Maximum Likelihood
For each fund, we regress its returns against its own specified benchmark returns. As our ten candidates for the benchmark returns, we use, as previously mentioned, the returns at the previous close (reported as 9am), the returns computed on the hour each hour, and at the current (day-of) close at 5:30pm. We use maximum likelihood to pick the best match.
Appendix C.1 provides a brief review of the maximum likelihood methodology. Tables 16   and 17 report the best match for all 48 funds in our sample. In addition, these tables report the R 2 statistics at close and at the best fit for all funds.
Figures 3 and 4 show the results for funds domiciled inside and outside of Germany.
We observe a clear divergence: the first group is concentrated around the middle, while the second group is heavily weighted towards the close. Number of funds with maximum likelihood at specified time. Number of funds with maximum likelihood at specified time. shows that only five of 20 funds domiciled outside of Germany report intraday returns.
Five funds report previous closing returns. Half of the funds report at current closing time.
Again the results coincide with those from the crude approach reported in Table 5 . We can use the likelihood ratio test to check to see if the difference in likelihood between the maximum and the close is statistically significant; for all 32 funds with intraday computation times, 27 of the 28 funds domiciled in Germany and 5 of the 20 funds domiciled in Great Britain and Luxembourg, the difference is -even after the Bonferroni correctionstatistically significant at the 0.1% level. Needless to say, for the 32 funds with intraday computation times, using the benchmark returns at the (approximated) NAV closing times instead of their end-of-day returns has also a dramatic impact on the R 2 values of the CAPM regression, see the last two columns in Tables 16 and 17 .
Bayesian Estimation
As an alternative to maximum likelihood estimation, we consider Bayesian estimation.
Appendix C.2 provides a brief review of the applied methodology. Tables 16 and 17 The statistical analysis in this section convincingly demonstrates that 27 out of the 28 funds in our sample domiciled in Germany use early closing times as compared with only 5 out of 20 funds domiciled in Luxembourg and Great Britain. While striking, the documented reporting discrepancy does not lead to any obvious arbitrage opportunity.
In both Luxembourg and Germany, investor orders are always carried out at an NAV determined after the investor's order, so orders are not carried out at stale prices, see Qian (2011). Investing in a German-based mutual fund is similar to placing a market order that executes in the middle of the day rather than at close.
Naturally, now two questions arise. First, why do so many funds use intraday NAV computation times? Secondly, is this finding relevant in any way? In the remainder of this paper, we answer these two questions. First, Section 4 describes the NAV reporting regulation in Germany that leads to the intraday reporting times. Secondly, we demonstrate in Section 5 that incorrectly using the benchmark closing returns leads to grossly misleading 13 Number of funds with Bayesian posterior mean at specified time. Number of funds with Bayesian posterior mean at specified time.
(9 = 9am, . . ., 17.5 = 5:30pm)
estimates for the funds' betas in the CAPM regression. In Section 6, we also show that any conclusions on mutual funds' timing abilities strongly depend on using the correct NAV reporting time.
Institutional Environment
We briefly describe the regulatory environments for NAV reporting in the United States and in Germany. We provide an explanation for the results on early closing times documented in this paper by depicting the customary process how mutual funds domiciled in Germany publish their net asset values. The publishing deadlines make it obviously impossible for German mutual funds to ensure a publication of end-of-day NAVs in the following day's newspapers. These deadlines and the lack of regulatory constraints (on the specific NAV calculation time) leave them with two alternatives. Either, similar to funds registered in Switzerland, they publish the endof-day NAV only on the second day after its calculation, or they compute the NAV in the middle of the day to meet the tight deadlines for publication on the immediately following day. The chosen alternative and the actual time of NAV computation does typically not appear to be publicly available. Mutual fund prospectuses usually do not provide an NAV computation time. Some fund prospectuses (e.g., those of DWS Investments or Allianz Global Investors) explicitly mention an order acceptance deadline in the middle of the day but even these do not mention specific NAV computation times.
The time constraints set by vwd and the historical importance of publishing NAVs in newspapers may well explain our results on early closing times. But, of course, the question arises whether the publication in newspapers remains relevant in the modern day and age of round-the-clock online news. Perhaps, regulators in Germany should contemplate a move to the Swiss reporting system: compute the NAV in the morning based on prices at the previous day's market close; report the NAV online in the late morning and report it to vwd; publish the NAV in newspapers on the next day.
Correct Betas
We first report results from the CAPM regressions using the best fit closing times of the individual funds. Next we show how the Dimson correction, see Dimson (1979) , can be employed to estimate alphas and betas without intraday benchmark data.
Betas at Best Fit
We run the CAPM regressions using the best fit closing times. So, instead of running the CAPM regression against market close, see Equation (1), we now estimate the model
where R e M (b F ),t denotes the market excess return computed at the best-fit time of the fund F . Table 6 is the analogue to Table 2 in Section 2.2. Complete results for all 32 funds using an early closing time are reported in Table 18 . The German-domiciled funds' betas are now primarily clustered around 1. Interestingly, the four Luxembourg funds that are identified as reporting a day early are also shifted. 
Counts of α and β coefficients. The count of α coefficients are by sign. (The quantities in parentheses are the number of α coefficients significant at the 5% level.) The count of β coefficients are grouped by value.
The results in Table 6 draw a completely different picture than Table 2 which reports CAPM coefficients computed at close. Table 2 shows that only 8 of the 28 mutual funds domiciled in Germany have a beta coefficient computed at close exceeding 0.6. On the contrary, Table 6 reports that computed at best fit times all but one of the 28 mutual funds domiciled in Germany have a CAPM beta exceeding 0.6. In fact, the distributions of the funds' betas for groups of funds appear quite similar now. A close look at the detailed results in Table 18 reveals that for all 27 funds domiciled in Germany and all 5 funds domiciled in Luxembourg and Great Britain that use early closing times, the CAPM regression at close produces beta estimates that are smaller than those in the CAPM regression at best fit.
Dimson Correction
Dimson (1979) introduced a correction for regressions involving returns on assets that do not trade as frequently as the market. Not all assets are traded daily, so regressing returns on assets traded at different times can bias the coefficient estimates in the regression.
Dimson provides a theoretical analysis that this bias can be corrected if the right-hand side of the regression contains sufficient leads and lags so that the possible timing of the left-had side return variable is covered by the leads and lags. We face a similar situation here, where the left-hand side return can occur at any point between the previous day and the current day, so in principle the NAV computation problem can be resolved similarly.
The idea behind the correction applies straightforwardly to the reporting-time question.
Let R e F,i , i = 1, 2, 3, 4, be the fund excess returns from the previous morning, afternoon, and current morning and afternoon, respectively. Let R 
If we perform the same regression using the previous day's market, then the CAPM beta (call it β 2 ) satisfies
Both give you estimates of β that are biased, but if you add them together, the biases exactly compensate to give you β. This observation suggests a simple procedure to correct for the misaligned reporting times: perform a joint regression of fund excess returns on both the current and previous day's excess returns to estimate β 1 and β 2 , so
and then use β 1 + β 2 as the estimate of the CAPM beta.
We check to see how the Dimson correction works when applied to regressing the 1pm benchmark returns on the closing benchmark returns. This regression applies to a fund that matches the market perfectly, but reports its daily NAVs at 1pm. In this case, the theoretical argument indicates that the Dimson correction should produce β = 1. Table 7 reports the results for the three benchmarks DAX, HDAX, and CDAX. The Dimson correction appears to successfully correct for the bias, but it actually produces an overestimate of β of 4 to 8%. Nevertheless these estimates are a considerable improvement over the uncorrected estimates, which are more than 40% below 1 for the DAX and CDAX and more than 20% below 1 for the HDAX, see Table 3 .
When we apply the Dimson correction to the actual funds, we see the same phenomenon. The α and β coefficients for the Dimson correction to benchmarks at 1pm.
(Numbers in parentheses are t ratios.)
Britain that use early closing times. For all but one fund the Dimson correction overstates the estimate for the beta coefficient at best fit. Notwithstanding this overestimation, for the vast majority of funds with an early closing time the Dimson correction produces estimates for the beta coefficient that are closer to the best fit estimate than the estimate derived from a regression at close. Table 8 provides a summary of the results for all 48 funds in our sample including those that report at the end of day. The summary results clearly document the frequent overestimation of the beta coefficients. Also, it is apparent that the Dimson correction is often much closer to the CAPM coefficients at best fit than the coefficients at close.
In sum, for all of the 32 funds using early closing times, using a regression against the closing returns leads to smaller estimates for the beta coefficient than the estimated beta from the best fit regression. While the Dimson correction systematically overestimates the best fit beta coefficient, it appears to deliver better results than the regression against closing returns.
In the next and final step of our analysis, we show that for all 32 funds using early closing times, using the best-fit NAV reporting times is also important for deriving correct conclusions on fund managers' market timing abilities.
Timing Measurement
Two classic papers, Busse (1999) and Bollen and Busse (2001) , use daily returns to test mutual fund timing ability and use the Dimson correction. The German mutual fund setting provides a natural environment to examine both the impact of NAV reporting times on the conclusions of these papers, and the ability of the Dimson correction to correct for using wrong times.
Busse (1999) assesses the ability of mutual fund managers to time market volatility; a risk-averse manager will reduce his or her market exposure in response to an increase of market volatility. Let σ t be the conditional volatility at time t, andσ the time-series average. If the manager has the ability to predict volatility, then the returns should be sensitive to the difference, σ t −σ. Busse (1999) tests this hypothesis by using the following specification,
Volatility is modeled using the EGARCH ( A manager who can time the market will have a time-varying beta; when the market is moving up, beta will increase, and when the market is moving down, the beta will decrease.
This effect can be captured by a beta of the form β + γR e M,t , which the above specification reflects. Bollen and Busse (2001) also considers a different specification, originally due to Henriksson and Merton (1981) and Henriksson (1984) . We define a second variable, R e * ,t = max 0, R e M,t , which is zero when R e M,t is negative, and R e M,t itself when it is positive. Then this specification is as follows, A mutual fund manager who can time the market increases his or her market exposure when the market moves up, so a manager with market timing ability has a positive γ.
We first use a panel regression to compare German and non-German domiciled funds, using closing price data. We compare the basic CAPM regression with the three timing specifications. The difference between the German-domiciled and non-German-domiciled funds is captured by interaction terms with an indicator variable for Germany. Table 9 The volatility timing specification finds that while non-German-domiciled funds positively volatility time, that German-domiciled funds do so slightly more strongly. Table 10 repeats the analysis using the best fit data. Most of the interesting findings go away. The difference between the beta coefficients disappears. Also, most of the significant timing results and timing differences disappear. The one exception is the volatility timing, which while still significant, drops 60% in magnitude.
The difference is to be expected for purely mechanical reasons. Table 11 shows the results from regressing the 1pm benchmark on the end of day benchmark, augmented with each timing variable. These regressions apply to a fund that matches the market perfectly, but reports its daily NAVs at 1pm. Such a fund has no timing ability, so its true β is 1 and its true γ is 0. The results are somewhat sensitive to the benchmark, but several of the γ estimates are significantly different from zero. With the exception of the Treynor-Mazuy specification for the DAX index, the early computation time has the effect of pushing The α, β, and γ coefficients for panel regression tests of timing ability. DE is an indicator variable that is 1 for German-domiciled funds, and 0 otherwise. We consider the impact of performance analysis on individual funds. We consider the 32 mutual funds that our tests indicate use intraday closing times. Table 19 shows results for the Treynor-Mazuy specification using the best fit, the close, and the Dimson correction.
Then Table 20 shows the corresponding results for the Henriksson-Merton specification.
Next, Table 21 shows the corresponding results for EGARCH(1,1) volatility specification.
And finally we summarize all results in Table 12 .
For each specification, the first line in Table 12 displays the number of γ coefficients that are positive or negative, and the second line displays the number that are statistically significant at the 5% level. The effect of the early reporting time are in line with the mechanical results from the previous table -the closing time regression produces lower γ estimates for the two level-timing measures than the best-fit regression. For example, Treynor-Mazuy measures 5 funds with significant positive timing ability when evaluated at the best-fit time, but none when evaluated at close. Henriksson-Merton identifies no funds with timing ability when evaluated at the best-fit time, but 7 funds with significantly negative timing ability at close. Likewise, the volatility timing results, which the mechanical evidence suggests will be overstated in the positive direction, find 13 funds with positive volatility timing when evaluated at close, and none in the middle of the day. In all three cases, the discrepancies match our predictions based on the hypothesis of early NAV The α, β, and γ coefficients for tests of the timing ability applied to the three benchmarks. (Numbers in parentheses are t ratios.) TM = Treynor-Mazuy, HM = Henriksson-Merton, Vol = EGARCH(1,1) volatility. In sum, we observe that using the closing time regressions leads to drastically different results for the timing ability of mutual funds than using the best-fit regressions. Unfortunately, the Dimson correction does not do a good job correcting for the time gap in the regressions at close; in particular for the EGARCH(1,1) volatility specification the results are far off. For a correct assessment of a fund manager's timing ability the use of correct closing times appears to be very important.
Conclusion
In this paper we have documented a curious feature of the mutual fund industry in Germany.
Mutual funds must compute the value of their holdings, the net asset value (NAV), once a day. In many countries with well-developed mutual fund industries, such as, for example, the United States and Switzerland, the customary NAV computation time is the closing time of the country's stock market. In stark contrast, funds registered in Germany do not have a customary NAV computation time. Instead, each fund chooses its own time, often in the middle of the day. For the majority of German mutual funds, the actual NAV computation time does not seem to be publicly available, so we have used an indirect approach to show the widespread phenomenon of intraday NAV computation. Mutual funds generally provide a benchmark to use for comparison purposes. If a fund holds some fraction of the assets in the benchmark, then the fund's returns should match the return on the benchmark computed in the middle of the day better than returns computed at the end of the day. We have tested this hypothesis using a sample of equity funds that use one of three indices in the DAX index family as a benchmark. We have separated these funds into two groups, those registered in Germany and those registered outside Germany, notably Luxembourg and Great Britain. For all but one of the funds domiciled in Germany, the effect of early NAV computation time is readily apparent. On the contrary, for most of the funds registered outside Germany the effect is not present. So, these funds appear to compute their NAVs at closing time.
Furthermore we have shown that using market returns computed at the end of the day instead of at a mutual fund's NAV computation time will typically lead to completely misleading inferences about the fund's performance. While this result suggests the apparently grim conclusion that mutual fund performance must be done using intraday market data, we have also shown that the technique of Dimson (1979) , originally proposed to handle econometric issues with nonsynchronous trading, also corrects for most of the biases caused by the timing of the NAV computation. The Dimson fix requires only end-of-day data, so it is readily applied in any mutual fund research that uses return data. The current net asset value of any such security shall be computed no less frequently than once daily, Monday through Friday, at the specific time or times during the day that the board of directors of the investment company sets, in accordance with paragraph (e) of this section except on: (i) Days on which changes in the value of the investment company's portfolio securities will not materially affect the current net asset value of the investment company's redeemable securities;
(ii) Days during which no security is tendered for redemption and no order to purchase or sell such security is received by the investment company; or (iii) Customary national business holidays described or listed in the prospectus and local and regional business holidays listed in the prospectus; Section 36 of the German investment law provides directions for the calculation of the net asset value as well as the publication of the bid and ask prices of mutual funds. Here we state Sections 36(1) and 36 (6) Table 13 briefly describes the stock indices that we used for our analysis in this paper. For Table 13 : Definition of Stock Indices
B Stock Indices and Mutual Funds

DAX
The DAX comprises the 30 largest and most actively traded companies listed at the Frankfurt Stock Exchange.
TecDAX
The TecDAX tracks the 30 largest and most liquid issues from the various technology sectors beneath the DAX.
MDAX
The MDAX comprises 50 mid-cap issues from traditional sectors which, in terms of size and turnover, rank below the DAX.
SDAX
The SDAX comprises the next 50 issues from the traditional sectors that are ranked below the MDAX.
HDAX
The HDAX comprises the 30 DAX issues, the 50 MDAX issues, and the 30 TecDAX issues.
CDAX
The CDAX tracks all German shares admitted to the Prime Standard and General Standard segments.
Source: Guide to the Equity Indices of Deutsche Börse (Deutsche Börse, 2013).
details on these indices such as index design, calculation intervals, etc. see the "Guide to the Equity Indices of Deutsche Börse" (Deutsche Börse, 2013). Tables 14 and 15 provide a list of the 48 mutual funds in our study.
C Methodology
We briefly review the methodology (using generic notation) that we applied for our analysis in Sections 3.1 and 3.2. For more details on maximum likelihood estimation see Rice (2007) and for Bayesian estimation see Judge et al. (1985) .
C.1 Maximum Likelihood Estimation
We regress each fund on its benchmark at different times during the day, and use maximum likelihood to pick the best match. Let y ∈ R n be the vector of returns for a single fund, where n denotes the number of observations. We consider a set of k possible benchmark returns, indexed by i = 1, 2, . . . , k. Let X i be the n × 2 matrix of right-hand side variables.
In our particular application, the second column of X i is just the lagged benchmark and the first column a vector of ones to capture the constant term. (Of course, we could include additional control variables.) For a fixed i, we fit the standard linear model
with β i ∈ R 2 and ε i ∈ R n . Then we choose the index i that gives the best fit according to maximum likelihood estimation. We assume that ε is normally distributed, with mean zero, and unknown variance σ
We maximize the log-likelihood in two stages. First, for given i, we find the maximizing value for the other two parameters. Then we simply compare the resulting k likelihoods to find the maximizing value for i.
For a fixed i, the likelihood is maximized bŷ
where e i = y − X iβi denotes the vector of residuals from the i-th regression. (Recall that the maximum likelihood estimators of β are identical to the OLS estimators.) Plugging the 27 estimates into the log-likelihood function, we obtain ln L(i,β i ,σ
Choosing the maximizing value i for i is equivalent to choosing the benchmark with the smallest residual variance, or equivalently, the highest R 2 .
One advantage of the explicit formula for the likelihood is that we can use a likelihood ratio test to compare the efficacy of different models. In particular, we compare the maxi-
, the larger is the test statistic
In our application, the test statistic has (approximately) a chi-squared distribution with 1 degree of freedom. The right tail of the distribution above the value of χ 2 yields a p-value for the hypothesis test with the null hypothesis H 0 : i = k (reporting at closing time). In our tests we employ a level of significance of α = 0.001 corresponding to a critical value of 10.828.
C.2 Bayesian Estimation
We briefly review the methodology applied in Section 3.2 (using the same assumptions and generic notation as above). The (conditional) likelihood function for a given benchmark (time) i with data X i and the parameters β ∈ R 2 and σ 2 > 0 of a bivariate normal distribution is
We assume that the k different possible times for the benchmark are equally likely, that is, the prior probability distribution for the benchmark times is the discrete uniform distribution,
For β and σ, we use the standard diffuse improper prior, so
The resulting posterior distribution of β conditional on σ 2 is the bivariate normal distri-
whereβ i is the OLS estimate given in (5) with e i = y − X iβi is the OLS estimate for σ 2 . The joint posterior distribution for given i is then
If we compute the mean time with respect to the posterior, this gives an estimate of the NAV computation time,
We can simplify this problem considerably by integrating out β and γ. Up to a constant factor,
where K is the number of regressors, and
We can also employ techniques from "Bayesian model comparison" as an alternative approach in Bayesian statistics to predict NAV computation times. Alternative "models" in our application are the different benchmark times i = 1, 2, . . . , k. Bayes' rule yields
where
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Note that p(y|i) is in fact the denominator in the joint posterior distribution of β and σ 2 .
The posterior odds ratio in favor of benchmark time i 1 against benchmark time i 2 is then the ratio
since the two benchmarks have identical prior probabilities. The term on the right-hand side is also called the "Bayes factor". Best fit closing times according to maximum likelihood estimation; posterior means and standard deviations from Bayesian estimation; R 2 statistics for the market model regression (3) at close and at the best fit time. 
